ABSTRACT -One hundred and twenty six piglets from a commercial genetic strain weaned at 21 days of age (6.11±0.42 kg) were used to evaluate the effects of supplementation levels of organic sources of trace minerals in the diets of weaned piglets on performance, occurrence of diarrhea, excretion of copper and zinc in the feces, and hematological parameters. A completely randomized block design was adopted, composed of six treatments (diets containing 100% of inorganic trace minerals premix at 3.00 kg/T; diets containing 0, 25, 50, 75 or 100% of organic trace minerals premix, equivalent to 0; 0.75; 1.50; 2.25 or 3.00 kg/T, respectively), seven replicates and three animals per plot. During the experimental period (from 21 to 63 days of age), the increasing levels of organic trace minerals premix in the diets determined a quadratic effect on daily weight gain (DWG), feed conversion (FC), percentage of hematocrit (Ht), hemoglobin (Hb), mean corpuscular hemoglobin (MCH), mean corpuscular volume (MCV), platelets (Pt), and a linear increase of Cu and Zn concentrations in feces. The comparison of means between the treatment with inorganic trace minerals premix and the other treatments showed that piglets fed diets without trace minerals premix had lower values of DWG, Ht, Hb, MCH, MCV, Pt and the worst FC value of piglets fed diets containing 25% of organic trace minerals premix presented lower values of Ht and Hb, in comparison with those fed diets with 100% of inorganic trace minerals premix. Inorganic trace minerals premix can be substituted by organic trace minerals premix at a lower level of inclusion in diets for weaned piglets.
Introduction
The variations in the bioavailability of minerals in the sources, the actions of synergism or antagonism existing between minerals and environmental issues have drawn the interest of researchers in alternatives that result in lower excretion by the animals (Muniz, 2007) .
Excessive minerals in the diet are not processed by the organism of the animal, so they are excreted in feces and urine, thus causing pollution to the environment.
Mineral elements can be provided to pigs through saline inorganic and organic methods, concerning the latter, due to a higher offer in the animal nutrition market and a deepening of research studies about the participation of trace minerals in general performance and animal health, its use is increasing.
Therefore, the objective of the present investigation was to evaluate the effects of supplementation levels of trace minerals organic sources (Fe, Cu, Mn, Se and Zn) in the diets under performance, occurrence of diarrhea, excretion of copper and zinc in feces and hematological parameters of weaned piglets.
Material and Methods
The trial was conducted at Universidade Estadual de São Paulo -UNESP, in nursery facilities of the Escola de Medicina Veterinária e Zootecnia, in Botucatu, Brazil.
One hundred and twenty-six commercial hybrid (barrows and females) piglets weaned at 21 days of age with live weight of 6.11 kg±0.42 were used. Piglets were allotted in suspended pens with slatted floor (three animals per pen), equipped with feeder, drinker (nipple type) and hood with electrical resistance. Curtains were installed on the sides to keep internal ventilation of the facility and a maximum and minimum thermometer was installed at a height of 0.80 m from the floor of pens to assist the daily control of the heating sources.
A completely randomized block design was adopted, composed of six treatments, seven replicates and three animals per plot. Treatments were: basal diet (BD) without the inclusion of organic trace minerals premix and inorganic trace minerals premix; BD with 25% of inclusion of organic trace minerals premix (0.75 kg/T); BD with 50% of inclusion of organic trace minerals premix (1.50 kg/T); BD with 75% of inclusion of organic trace minerals premix (2.25 kg/T); BD with 100% of inclusion of organic trace minerals premix (3.00 kg/T); BD with 100% of inclusion of inorganic trace minerals premix (3.00 kg/T). Mineral premixes were added to the basal diets as a substitute for ground rice hulls.
The mineral premixes were elaborated by a commercial company for research purposes and for treatments containing 100% of supplementation (3.00 kg/T of diet), the firm provided the minerals, with the exception of manganese, at levels that met the recommendations of supplementation proposed by Rostagno et al. (2005) , for piglets in the weaning phase (Table 1) .
The analysis of trace minerals in the raw material of diets, mineral premixes and feces were conducted at Centro de Apoio Químico ao Ensino, à Pesquisa e de Prestação de Serviços (CEAQUIM) from the Instituto Botucatu de Biociências -IBB.
The experimental period was composed of 42 days (from 21 to 63 days of age), in which piglets received three types of diet, in accordance with the feeding system divided by phases: Pre-starter diet, from 0 to 17 days (21 to 38 days of age); starter diet 1, from 18 to 32 days (39 to 53 days of age); and starter diet 2, from 33 to 42 days of age (54 to 63 days of age). Diets were formulated to meet the nutritional requirements proposed by Rostagno et al. (2005) for each one of the studied phases and supplied to the animals ad libitum (Tables 2 and 3 ).
The mean data of daily feed intake, daily weight gain and feed conversion in the periods 0-14, 0-32 and 0-42 days post-weaning, and the occurrence of diarrhea in the first 14 days of the experimental period were evaluated through verification by a single observer of the consistency of feces of the animals in the morning period. Feces were classified as normal, pasty or liquid (diarrhea).
During the 39th and 40th days of the experimental period, feces on the floor in each one of the pens were collected in the morning and in the afternoon (07h30min and 05h30min). Feces were wrapped in properly identified plastic bags and then frozen. At the end of the collection period, feces which were collected in each one of the pens were defrosted at ambient temperature, dried in a forced circulation oven at 55 ºC for 72 hours and then ground and analyzed for the contents of copper and zinc. Samples of blood from all the animals were collected after the last weighing for evaluation of hematological parameters. Blood sample was collected in the vena cava through a system of vacuum blood sampling (5 mL tubes containing EDTA solution at 3%) with 40X9 needles. Samples were sent to the Laboratory of Veterinary Analysis located in the city of Botucatu, São Paulo State, Brazil, for analysis of hematological parameters.
The counting of erythrocytes and leukocytes, hematimetric indexes as mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and the concentration of mean corpuscular hemoglobin (CMCH) and counting of platelets (Pt) was done by the automatic hematology analyzer AH-22 USPBR. The percentage of hematocrit was obtained by the derived calculation of the MCV and erythrocyte through impedance, and the hemoglobin was obtained by spectrophotometry.
Data was submitted to analysis of variance using PROC GLM of SAS (Statistical Analysis System, version 6.11), and the effects of supplementation levels of organic trace minerals were studied through regression analysis. For comparison of the results obtained between the treatment with inorganic trace minerals premix with the others, the test of Dunnett -Hsu was applied.
Results and Discussion
Increasing levels of organic trace minerals premix in the diets determined a linear increase (P<0.05) in the daily weight gain (DWG = 333.2571 + 0.2686X, r 2 = 0.39) and a linear reduction (P<0.01) in feed conversion (FC= 1.6981 -0.0012X, r 2 = 0.24) in the period from 21 to 53 days of the age (Table 4) . During all the experimental period (21 to 63 days of age), a quadratic effect of the levels of organic trace minerals premix was verified (P<0.01) on daily weight gain (DWG = 383.6694 + 2.3950X -0.0181X2, r 2 = 0.59) and feed conversion (FC = 1.7651 -0.0049 X + 0.0004X2, r 2 = 0.48), and the best estimated level was 65% of the recommended inclusion, and linear effect (P<0.05) was observed on daily feed intake (DFI = 691.6571 + 0.5977X, r 2 = 0.33) ( Table 4 ).
The comparison between the means of the treatment with inorganic trace minerals premix with each one of the others (Table 4) showed a difference (P<0.05) in the daily weight gain and in feed conversion only for the treatment in which the supplementation was not done during all the experimental period, and this indicates, therefore, that even the lowest level of inclusion of the organic trace minerals premix (25%) promoted similar performance results to the piglets which received the inorganic trace minerals premix at 100% of dosage.
Similar results were verified by Creech et al. (2004) , in an experiment with pigs in the weaning and growth phases, fed controlled diets containing normal levels of inorganic minerals (Zn, Cu, Fe and Mn) or fed diets containing minerals from organic sources in reduced quantities, and no significant difference in the performance of the animals was verified. The possibility of reducing the level of inclusion of trace minerals in diets was also verified by Veum et al. (1995) , Fremaut (2003) and Burkett et al. (2005) , once better performance results of pigs were observed when the levels of addition of trace minerals was reduced in 50%, 30% and 50% in relation to the normal levels, respectively, considering an addition in the organic form, corroborating the results of the present investigation.
The negative effects of the lack of supplementation of trace minerals in diets became more pronounced over the experimental period, which was the reason why no difference between the treatments was verified in the first 32 days of experiment, and it suggests that body reserves of trace minerals were enough to meet the requirements of piglets during this period.
Moreover, Nunes et al. (2002) found that the removal of mineral premix of the diet for finishing barrows did not influence weight gain or feed conversion, which can be explained by the lower mineral requirement of pigs closer to the slaughter commercial weigh.
The first two weeks post-weaning are considered critical due to the weaning stress and the physiological and immunological limitations of piglets, which predisposes a decrease in performance and occurrence of diarrhea (Bertol, 1997) ; however, no effect of treatments was verified on the incidence of diarrhea in piglets (Table 4) , probably due to a low environmental contamination, once facilities had been cleaned, disinfected and there was a long period of fallowing before the beginning of the experiment, associated with an adequate weight of piglets in the weaning phase.
Increasing the levels of addition of organic mineral premix determined a linear increase (P<0.01) in the concentrations of Cu and Zn in the feces (Table 5) . The results obtained are in accordance with those described by Creech et al. (2004) with pigs in all the production stages, who also verified that animals fed diets with lower levels of inclusion of trace minerals inclusion presented lower excretion in feces.
The comparison between the means of the treatment containing inorganic trace minerals premix with the other treatments showed that levels of inclusion of organic trace minerals premix up to 75% resulted in lower contents of Cu and Zn in the feces (Table 5) .
In this experiment, there was no superior results of the performance of piglets fed diets containing organic sources of trace minerals in relation to those which received inorganic sources, but it pointed the possibility of using organic trace mineral premix at lower levels, aiming at the same productive efficiency and decrease in the excretion of trace minerals.
Increasing levels of organic trace mineral premix in the diets showed a quadratic effect ( (Table 6 ). Considering the regression equations, the mean recommended level of inclusion of organic trace minerals premix is 82%.
In the comparison of means of the treatment containing inorganic trace minerals premix with the others (Table 6) , it was verified that animals fed diets without trace minerals premix showed lower values (P<0.05) of hematocrit (14.28%), hemoglobin (14.47%), mean corpuscular hemoglobin (10.93%), mean corpuscular volume (10.80%) and higher values of platelets (22.73%), as an indicative of microcytic hypochromic anemia, which is the main cause of iron and copper deficiency, while animals fed diets containing 25% inclusion of organic trace minerals premix presented lower values (P<0.05) of hematocrit (5.87%) and hemoglobin (6.93%), although these values are in accordance with normal physiological values, once, as described by Pound & Houpt (1978) , normal values of pigs hematocrit are between 30 and 45%, and this can vary with the age and the method of determination, and as described by Kaneko (1989) , the hemoglobin content of pigs varies between 10 and 16 g/dL. Garcia-Navarro & Pachally (1994) Mamani (1996) and Arantes et al. (2007) did not find significant differences in piglets fed diets containing levels of Zn in the organic form, varying from 0 and 2500 ppm; however Rupic et al. (1998) verified that the organic source of zinc (ZnSO 4 ) determined an increase in some hematological parameters, such as erythrocytes, hemoglobin and platelets, while the zinc of organic source (methionine zinc) increased the mean corpuscular volume, which suggests that organic and inorganic sources of minerals can go through different metabolic pathways in the organism of the animal.
Moreover, Creech et al. (2004) verified higher hemoglobin concentrations in piglets in the weaning phase, which received a reduced supplementation of chelated trace minerals when compared with animals fed diets supplemented with trace minerals in the inorganic form.
As described by Wallach & Kanaan (2003) , the number of platelets increases in iron deficiency anemia, and in the present investigation, the higher number of platelets in animals not fed diets containing trace minerals is a consequence of anemia, once the values of hematocrit, hemoglobin, mean corpuscular hemoglobin and mean corpuscular volume were also lower in these animals.
The inorganic trace minerals premix presented superior levels of iron, copper, manganese and zinc in comparison with the organic trace minerals premix (Table 1) ; however, even at lower levels in the diet, the organic trace minerals premix promoted similar responses to performance and hematological parameters of the animals, suggesting a higher bioavailability of organic sources of minerals to weaned piglets.
Conclusions
The inorganic trace minerals premix can be substituted by the organic trace minerals premix at a lower level of inclusion in diets for weaned piglets. Table 6 -Mean hematological profile of piglets fed diets containing levels of organic or inorganic trace minerals premix Q -quadratic effect (P<0.01); CV -coefficient of variation; NS -non significant (P>0.05).
Means of each level of organic trace minerals premix followed by different letters in the row differ from the treatment with inorganic trace minerals premix by the Dunnett-Hsu test (P<0.05).
